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APSTRACZ: The intense temperatures a t  the surface of a space vehicle 

may in some instances a l t e r  the thexmal conductivity of the 

layers of the skin below the surface. This analysis presents, 

as a first approximation to the problem, a closed form solu- 

t ion fo r  the case of a thermal conductivity that varies 

l inearly with distance below the surface. A convective heat 

input at the  surface which is exponential i n  time 'is assuned. 

The resul ts  should apply for  the initial phases of entry in 

which the entry velocity and angle are nearly constant. 
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WITH A mDI?COIS"T THERMAL CONijUCTIVITY 
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a = slope of thermal conductivity curve 

B = constant which depends on the entry velocity and angle 

C = specific heat of material 

Cl, C2 = arbitrary constants 

i = fi, imaginaryunit 

IO, I1 =modified Bessel functions of the first kind of order zero 
and one, respectively 

Jo, J1 

K - thermal conductivity 

Ko, K 1  

=.Bessel functions of the first kind of order, zero and one, 
respectively 

=modified Bessel functions of the second kind of order zero 
and one, respectively 

6 = variable i n  the Laplace transform 

t 

T, 

v = entry velocity 

= time measured from ent ry  

= temperature and transformed temperature, respectively 

X = distance noma1 t o  surface 

Yo, Y 1  = Bessel functions of the secondkind of order zero and one, 
re g-fe ct ive Lv 

Y = entry angle 

* Aerospace Technologist, Space Mechanics Division. 



P density of material 

7 = thickness o f  material 
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Subscripts: 

= constant which depends on entry velocity and angle 

i = i n i t i a l  conditions 

f = final conditions 

The solution t o  the problem of one-dimensional heat conduction 

throygh a skin with constant thermal conductivity f o r  the i n i t i a l  phases 

of a reentry i n  which the velocity and entry angle are nearly constant 

and f o r  which the convective heat rate is the dominant input can be 

found in reference 1. 

problem i n  reference 1 and extend it t o  the case of a vehicle having a 

shin whose thermal conductivity varies l inearly with depth below the 

surface. 

si tuation i n  which the thennal conductivity of the layers of the skin 

below the surface are altered by the intense temperature at the  surface. 

The present analysis intends t o  take the basic 

Such a solution might serve as a first approximation t o  a 

The t q e r a t u r e  history through the skin can be obtained from the 

one-dimensional heat conduction equation which is 

The boundary conditions w i l l  be taken t o  be same as given i n  refer- 

ence 1 where it is assumed that, at the surface, the heat input is given 

by the convective heat rate which during the i n i t i a l  phase of entry can 
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Figure 1.- Temperature drop across skins having constant and nonconstant 

thermal conductivitlee. 

Figure 2.- Comparison of temperatures in  skins having constant and non- 

constant thermcll conductivities. 
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Figure 1.- Temperature drop across skins having constant and 
nonconstant thermal conductivities. 
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Figure 2.- Cornparisom of temperatures in skins having constant 
and nonconstant therrna I conductivities. 


